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SUILIARY

An analysls has been made of the characteristics of
several cooling cycles suitgble for cockpit cooling of super-—
gonic aircraft. All the éycles congldered uillize the 4if-
ference between dynamic and amblent static pressure %o
actuate the cooeling system and require no adéitlonal power
source

The results o? the study indicate that as flight speeds
become greater, increasingly complex systems sare recuired
to reduce the ventilatling alr to tolerable temperatures.

At altitudes above approximately 35;000 feet, a gystem
composed of an externally loaded sxpansion turbine in
conjunction with a supersonic diffuser would maintain
tolerable ventllating alr temperatures, at least up to a
flight ilach number of 2, The nost complex system comsidersd,
composed of a compressor, intercooler, and expansion turbine
with the intercooler cooling air decreased in temperaturec
by expansion through an auxllliary turbine is capgble of
meintaining a ventilating alr te?perature less than amblent
temperature up %o a flight Hach nuwber of 3.7. The preceding
ARTRENOY: >
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results for both systems are predicated on a cockplt pressure
equal fo amblent static pressure.

It is poesible that simila? systens can be devised which
wlill allow operation bf faﬁ;éctuated cooling cycles with the
cockplt pressurized, with, however, added system components

required in the form of additional heat exchangers and turbines.
INTRODUCTION

It 1s generally rcalized that the probiem of maintalining
hablitable cockplt temperatures in alrplenes deslgned for
supersonic flight wlll be difficult., The nscessity of
cooling the pllotils compartment has arisen in the operation
of high-speed subsonlc ailrplanes, The problem willl naturally
become much more acute as alrcraft speeds are incircascd
throug: the transonlc and into the supersonic speced range.

The ccoling problem 1n supersonlc airciaft arises, in
part, from the near-stagnation temperatures attained in the
acceleration of ambient alr to velocities approaching that of
the alrplane whiclh prevail in the boundary layer. In effect,
the alirplane is surrounded by a thin layer of ailr at tempera-
tures aporoachlng stagnation value, $Solar radiation into the
cockplt through the canopy and the digsipation of heat by the
pilot and by electrical apparatus further adés to the cooling
load. In additlon, the enterlng ventilating alr whlch is a¥b
stagnation temperature must be reduced in temperature before
admittance %o the cockpit.

ol
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A refrigeration cycle utilizing atmospheric air as the
working medium is currently béing erployed as & means of
enclosure cooling. Thig cycle uses alr that has previously
been compressgd by the main engine compressor or by a cabin
supercharger. The high-pressure hlgh-temperature alr 1s
then cooled in an intercooler and expanded through & Turbine
to the enclosure pressure.

At'supersonic_flight speeds, the pressure rise occurring
Tfrom the adiabatlc acceleration of the ventllating alr becomes
of large enough magnitude that it may be poselble to utilize
the energy of the ram—compressed alr to operate a refrigera-

tion cycle as well as for pressurlzing the enclosure,

It 1s the purpose of thls rseport to examine the character—
istice of several cooling cycles, which are actuated by the
difference between dynamic or ram pressure and ambient statlic
pressure, and to present the results of the analysls in as
general s magnner as possible. No predictions heve been made_
concerning the magnltude of the enclosure cooling loads as
this factor is dependent upon enclosure size, constructionsal
detalls, amount of insulation employed, etc. Likewlse, detalls
of turbine and compressor speeds, slzes, types, have not

been discussed in thls preliminary report.
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SYiBOLS
The followlng symbols are used throughout the report:
Cp specific heat of air at constant pressure assumed
constant at 0.2% Btu per pound, °p
e intercooler cooling effectiveness, dlmensionless
hp horsepower
J mechanical equivalent of heat (778 f£t-1b/Btu)
H ilach number, dimenelonless
stégnation pressure, pounds per square footb
heat abstracted from alr by intercooler, Btu per second
T absolute stagnation temperature (°F + U59.7)
w welght flow rate of ventilating air, pounds per second
wt weight flow rate of intercooler cooling air, pounds
per second
€ adiabatic shaft efflclency, dimenslonless
m duct efficiency, dimensionless
ratio of sﬁeoific heats of air (assumed constant at 1.40)
Subscripts
a,b arbitrary setations immediately upstream and downstream,
respectively, from component under conslderation
c compressor
i ideal or ftheoretlcal
o free streanm
t turbine
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y statlons as indicated in figure 1
|

AHALYSIS

Five systems have bcen analyzed, Of these flve, four
are simple variations of tnc first basic system (System I)
vhich comprises a supersonic diffuser and an expansion turbine.
In this basic system, the alr is docelerated to zero veloclty
(relative to the airplanc) in the diffuser and expanded from
the resultant high pressure through a Turbine to the pressure
of the porilon of the airplane belng cooled — the enclosurc.
The turbinc work is absorbed by an external load such as an
electrical generator, hydraullc pump, or simllar ploce of
equipment,

System II is ldentical with System I cxcept for the
addition of a heat exclhianger between the diffuser and turblne.
The hecat excnanger cmploys an internal cooling medium, that is,
fuel, 1liquid oxygen, or solid CQo as the coolant. The turbline
work 1ls absorbed by an external load as in System TI.

System III employs the turbine work to drive a compressor.
The compressor is located downstream from the dlffuser and

increases the ventllating air presigre above the-value of the

SRR
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final diffuser ailr pressure. An alr-to-air intercooler cools
the air after compresslion and before it is expanded through the
turbine to the enclosure pressure.

Systemn IV 1s identlcal with System III except That the
intercooler uses an internal coolling medium rather than free-
stream alr as & coolant.

System V is similar to System III with, however, the
addition of a second turbize which reduces the temperature of
the intercooler cooling air. This secondary turbine 1s dilrectly
connected with the maln turbine-compressor system so that its
‘work is delivered to the compressor. A schematic dlagram of
the five aystems is shown in figure 1.

For all gystems analyzed, the simplifying assumptlon 1s
‘made that the pressure drop of the air in passing through a
heat exchanger ls negligible in comparison wlth the pressure
rige in the diffuser (and compressor when employed) and the
pressure drop of the alr in passing through the expanslon
turbine. The accuracy of this assumption ls dependent upon
the slze and geometry of the heat exchanger and thce valldity
of the assumptlon increases as the flight liach nunbor Alncreases,
Congtant valuee of speciflc heats of alr are also assumeod,

The alr ls asgumed to be dry so that condensation effocts are
absent.‘i e

The génoral reclations employed in the analysis of the

systems ‘are as follows:

The:ideal lsentropic pressure ratio resulting from
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deceleratlion of air from an inltial llacn numbexr Ha to

zero veloclty is gilven by .
{:& = (’_Y_:];Haa +1)Y" (1)
Pg’y 2 4
The adiabatic (not necessarily isentropic) tempera—

ture retio under the same conditions 1s

el . (2)

Equations (1) and (2) msy be derived (referencec 1) from

conslderasion of the perfect gas laﬁ, the goneral energy
equation, and the cguation for sonlc veloecity in a perfect
gas.

A duet efficiency m is défincd as the ratilc of the
actual stagnation zressurc rise obtained in taczs duct to the
ideal Ysentropic stagrnatlon pressurc risc obtalned for the

sanc entrancc llach number, Thus,

' _ (Pp — Pa)
. T TP - Pa)y (3)

Rearranging cquation (3) and substituting equation (1)
there is obtaincd
—--—FY =
Pp s y—1 ‘3 y—-1
_— = —_— - R
s-=1+n | (3 42 + 1) 1J (L)
The intercooler cooling effectiveness e 1s defined, in

the usual manner, &% the ratic of the temperature drop of the

* IRty
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vontlilating ailr in passeing through the cooler to the initial
temporaturc difference between the ventlilating ailr and the
cooling alr.

The temporature ratio across a compressor or fturbine is
given, in terms of thc pressure ratio, by equations (5) and

(6), respectivaly,

-1
Y
%E . (Pb/Paz L (5)
a c
y=Ll
To oY

In equation (5}, €, is the adlabatic shaft efficlency
defined as tho ratio of the iscentropic temperature rise to the
actual tempcrature rige of the alr fop thc compressor proessure
ratio. In equation (6), e+ is similarly defined as the
ratlo of the actual drop in temperature experienced by the air
as 1t drops in pressure passing through the turbine to the
ideal. igentroplic temperature drop it would experlence for
the same turbine pressure ratio.

The horsepower requlired to drive a compressor ls glven by

Nt
. 7
hpo = Jop W ?? (Po/Pg) 1 (7)
550 €
and the horsepower dellvered by a turblne is
1 y=1
Y
npg = 2 % ¥ Ta €8 | 1 - (7D (8)
950 : Pa, i
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The heat abstracted from the air by an internally cooled
heat cxchanger is
Q=Wep (Ty — Tp) (9)
which may be rearranged, in Terms of the temperature ratio
of the air in passing through the cooler %o

T o7 __Q - (10)

T, " TopTy,

The general scheme'of analysis is to combine, sultably
for each gystoem, the prcceding general relationships in order
to obtain the ratio of enclosurc temperature to ambient
static tomperature in-terms of the flight liach number, the

ratio of cnclosurc static pressurc to free—strcam static

pressure and thce efficliency of  the system components.

A detailled analysis of cach of the five systoms 1s

presented. in &ppendix A,
DISCUSSIOH

For ail systems, the final tenperaturc ratio and the
amoyunt of enclosurc pressurlization that can bec obtained 1s
Aependent upon the efficicney with which the diffuser cdnverts
the free—strcam kinetic cnergy to static pressurc., Avall-
able quantitlive information on the performance of supersonic
diffusers 1ls mcager. In rcfercnce 2, Xantrowitz and
Donecldson have proscntced a mothod for the design of reversed
DelLaval nozzlo~type diffusers and, in addlition, havc obtalned
test data over a limitced range of llach numbers to check thelr
analysis, Thc data of refercnce 2 was used iIn this rcoport

becausc of lack of comparablec data on othor types of diffuscrs.

s - ol
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It is shown, 1in referonce 2, that 1t ls impossible to obtaln

a shock-~free dcceleratlon through the gonic veloclty in a dif-
fuser of this type and that an unavolidable loss in total
pressure through the medium of a normal compresslon shock must
result for the flow to be stable. Thls loss increases with

the entrance liach number. The data of Kantrowltz and Donaldson
were used in this report for calculating diffuser efflcisncles.
The procedure used in determining the diffuser efficlenclics
used hercin was as follows: The maximum diffuscr efficioency
for a given entrance or flight llach number was calculated by
the method of refercnce 2. Thig tﬁeoretical meximum efflclency
was then multiplied by a factor, 0.9%, to obtaln an efficlceney
closely corresponding to the best test offlclenclcs obtained
by Kantrowitz and Donsldson, It 1s worthy of note that, for

a fixed geouwectry dlffuser, the maximur: efficlency occurs only
at the design ilach number. In this report,_it is assumed

that the optimum diffuscr is uscd for cach flight Mach number,
Flgurc 2 shows the diffuscr cefficilencics used in this report

ag calculatced by thoe preceding method,
In order to visgualize the magnltude of the stagnation

temperaturcs which occur as a result of the accecleration of
ventlilating alr, figure 3 has been prcparcd. Flgurc 3 ls
derived from equation (2), and shows thc stagnation temperature

as @ function of altlftude and lach number assuming NACA
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standard air proverties. (See reference 3.)

The maximum degree of enclosure pressurization obtain-
gble from flight ram, shown in figure 4, was calculated by
means of equation (4) using diffuser efficlencies taken from
figure 2. Constant pressure lines for several effective
enclosure altitudes are also shown in figure 4. The lower
limit of the curves was taken at 30,000 feet altltude, since
it is unlikely that prolonged supsersonic flight would be
underteken bslow this gltitude, The cooling systems discussed
hereln would operate lessgs effectlvely as the enclosure
pressure increased and would not operate if the enclosure
wvere maintained at the maximum possible ram presgsure. It
is probeble, however, that systems of this type could be

deviged which would allow almost complete ram pressurlzation

to be utilized and stlll malntain the system effectlveness,
with, however, the addition of more pleces of equlipment -
turbines, heat exchangers, etc.

It ig unfortunate that the equations for the temperature
ratlo across eaca system do not lend themselves to plotting
in terms of nondlmensional or dimensional groups of varlables,
g0 that the effecT of a change in efficlency of a system
component is immedlately apparent. In order to calculate

the perfofmance of the system 1t is necessary to assums

values fcr each of the component efficlencies. The follow-
ing numerical values wore used for substitution in the equa—

tion for the tomperature ratio across each system?

GG
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1., Diffuser’'efficiency, taken from figure 2
2. Turbine adiagbatic efficlency, 0.8
3. Compressor adiabatic efficiency, 0.7

4, Air-to-ailr intercooler cooling effectlveness, 0.9
The enclosure wes assumed to be unpressurlzed, hence the
enclosurc pressurc was taken as equal %to amblent statlic pressure.

It is thought that the mrbove values approximato the
maximun effilciencles that are practically obtainable, consider-
ing the probable small size of the equipment. The scemingly
high value of intercooler effectivencss arises from the fact
that the high rem pressures allow the use of multipass {(and
hence high effectiveness) heat exchangers.

The performance of System I is shown in figure 5. The
rertinent point concerning this gytem i1s that the flngl
temperature ratio is always greater than unity, that is, the
entering ventilating alr temperature ls glways higher than
free—strcam static tcmperaturc, owlng to energy losses in the
diffuser.and tuwrblne.

The temperature ratlo of the air aftermpassage through
System II is shown in figure 6. In Tigure 6, the parameter
Q/WenTo represents_the fractlon of the inltial total heat
content of the amblent agir that is rcémoved by the intornal
cooler., Thils varlatle ig & function of the effectiveness of
the internally cooled heat exchanger as well as the lowest

temperature obtalnable from the cooling medium, From figure 6,

1t ig apparent that if a sultable cooling medium can be

Nl
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émployed, it is péséible to obtaln very low outlet tempera—
tures from this system.

The determination of the characteristics of System IIT
involves, as noted in the appendix, the graphlcal solution of
equations (A9) and (A10) in order to determine the compressor
pressurce ratio values for subsgequent substitution into equa-
tion (A8). The values of the compressor pressure ratio
determined in the foregoing manner are shown in figure Te

The perform:ance of the system as represénted by the final

tempergture ratio of the ventilating alr is presented in
figure &, It is noted that this system'is capable of mailn-
tailning a system outlet temperature lcss than free—stream
static tomperature up to a f£light llach number of approximately
Le7e

The pcrformancc of System IV ig dependent upon the amount
of hesgt abstracte& from the air by the internal cooler, as 1in
Systen IX. The compressor pressurc ratlos obtalned from a
grapiical solution of equations (A13) and (Al4) are shown in
figure 9. The pressure ratios decrease rapldly as heat is
ebgtracted by the internal cooler due to the decroased
turbine work availlsble wlth the lower turbine lnlet tempora—
tures. The final over—all tompergturc ratio across the system
is showm in filgure 10. It may be scon from this figure that
the final temperature ratio is determined by the amount of
heat abstracted by the internal cooler and that the system

is sensitive to changes in flight Hach number since a slight
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change in Hach number lncreases the final temperature ratlo
considerably.

The determination of the perforpmance of System V is
conplicated by the presence of the auxiliary cooling turbinc
that decreases the temperature of the cooling alr before its
nassage through the intercooler. It becomes necgssary to
asgume values for the mass flow ratio of intercooler coocling
alr to ventilating alr, as may be seen from an examinatlon of
cquation(Al8). In order to obtain the system temperature
ratlo as represented by equation (Al7) 1t was necessary to
solve, graphically, eguations (418) and (A1) for values of

the compressor prossure ratlio. The numerical values obtalned

are shown in figurc 1l. From a congideration of figures 11 and
12, it 1ig cvident that the compressor pressure ratios become
oextremely high a2t liach mumbers greater than 2.5 for a value

of W'/W of 2. It will be noted that these pressure ratios
are considerably hipher than thoseobtained in Systens IIX

and IV, cdue to the added work Dut into the compressor by the
auxiliary turblne., The auxiliary turbinc performs two
benericial functions ~ 1t incrcases the work avallable to

drive tho comprecsgor and, hencc, increascs the pressure ratlo
across thec main turbinc, and it providcs cold ecxhaust air to

cool the primary ventllating air.

The final ventllating-alr-teomporature ratio across System
V is shown in figure l2. Tae performancce of thls systom shows

a marked decreasc in over—all tempcrature ratlo comparced to
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that of the other systoms due to thc beneficial effect of
the auxiliary turbine. From figure 12 it is seen that, for
a value of mass—flow ratlo of cooling to ventlilating air of
1.5, the system outlet temperaturc¢ may bo maintained less
than, or equal to, ambient static temperature up to a lach
number” of 3.7. The added performance of this system is, of
'boufse, accbmpanied.by an increase in the power required
" %o ram the additional cooling alr through the system.
' ~Thé fact that the temperature ratio decreases to a
‘minimum &t 2 ilach numbor of approximately l.9-and;;ben
inercases as tie Tlight llach number increases is .due to the
‘opposing cffcots of inereasing pressure ratio across. the aux-
‘Aliary turbing and-decrcasing duct efficiency.,. . |

For 11 -the systems. discussed, 1t is strongly. empha~—
sizcd that the performence shown is the maximum ohtaln-
-able with.the assumed values of comprcssor and turbine
“efflcienclos and intercooler effectivencss, because the
" maximum cobtalnable value of diffusecr efficlency for the.bype
of ‘&iffuger considered was taken for each flight liach .number.
" The pErforménce over a range of"flight'nach numbers of any
"actual enclosurc cooling systom with a fixed geometry diffuser
of the type discussed would docrecase below the ideal values
shown hercin. The velues of diffuser efficiency used heroin
should not be consldered the maximum obtainable with any type
of diffuser. It ils qulite bossible that diffuscrs can be

designed whicad will have performanccs superlor to the simpls

* SRR
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reversed Delaval-nozzle type dlscussed,

Systems, such asthose described in this report, which
teke free stream air and pass it thirough a cooling cycle con-—
tribute drag to the alrplane by virtue of the difference in
momentum between the alr taken into, and that discharged from,
the airplane., Thus, the choice of a particulaf éystem will
depend upon the system drag cheracteristice as well as upon
the internal efficlency of the installation. The drag
produced by a system is greatly depenéent upon the sgize and
configurstion of the ducts and heot exchangers, hence 1t is
not possible to draw specific conclusions concerning the drag
of the geveral systems discuseed herein. However, it 1s
epparent that cooling systems thot handle relstively large
amounts of coocling alr such gs Syztems ILI and V will have
unfavorable drag characterigtlics and 1t may be necessary to
reduce the heat-exchanger effectiveness in order to eliminate
excesslve pressure drops on the cooling alr side, Detalled
computatlong required to deslgn an optimum systen would require,
as a starting polnt, specificatlons concerning flight speeds,
altitudes, and cooling load, and hence have not been undertaken
in thig genergl report.

CONCLUDIRG REIIARXS

The high ventilating and boundary-layer-alr temperatures
attained at supersonic velocities will probably require use of
an enclosure cooling system to permit piloted sunersonlic alrcraft

to be flown,
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An examlination of tmtics of several ram-
actuated coolingssystems dlsclpses thgt these systems may,
from a stendpoint of cooling performance, be sultable for the
cooling of alrcraft or mlssiles operating at supersonic
velocities, The operatlon of all the systems depends upon
the difference in pressure-between the enclosure or cockplt
end the ram pressurcs due to the veloclity of the aircraft,

A system (System V) composed of a supersonic diffuser, a
compressor, intercooler, and two exXpsnsion turblnes appears
promising, from a cooling standpoint, in view of the fact that
the ideal performance of the systenm indicates a system
outlet temperaturc less than ambient static temperature up
to a flight liach number of 3,7, provided the enclosure is
mgintailned at amblent static pressure.
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APPENDIX
System I

For thile basic systom, cquations (2), (4}, and (8) are
combincd to give the final tomporﬁturo ratic across the
systam in tcrms of the initial (£light) lach numbor, diffuscr
ofiicicney, turblne cfficlency, and the ratio of enclosure
gtatic pressurc to frec-stroam static pressure.

The latter ratio is, for o glven gysten and flight
llach number, dcpcndOnt'upon the amount of end¢losure prcg-«
surization dcsired. Combination of equations (2), (4), and

(6) gives, for the final tempereture ratlo across the system,

E%_=<_T_..1_\ LA . (A1)
To \To/\L/
o
~ — _ ) .—T
n 1 P, /P Y
Rl e L R e e |
o} 3 . { 1 vy
\J1 *n YL ikt +1) -
- -~/
(A2)



The powor avallable from the turbine, whlch s absorbed by an extornal load,

18: {
v
' ; Y
JenWT , € 4 Pa/Po ‘ .
hpy =(~—-P——1-—-> 1- | 75| (43)
\ 5h0 : 1 y-I | |
| Cun|(YRut 4) - ]
{
Bystem IT
Tho over-all final temperaturc ratlo across the systom is given by,
Ta Tay/ Ta T3
=@ ) (4
Substituting valucs for ~2,%2, and T8 thorc 1s obtaincd
( )
= M + 1 1l Jrg gl 1 8/-0
To AT ) HopTo{ L5~ Ho? + 1) {7 Y ;
vin [ (G He%h) -1
L - )
(45
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It wlll bo noted thet cquatlon (A8) contalns tho term P»/Pi, the comprossor P
s

Q
pressurc ratlo. This ftorm may be climinatod by equating the exprossions for compressoy b=

and turbino powers ainco all of tho turbinc powor 1g delivercd to the domprossor. E
=
Honeo, whon equatlons (7) and (8) are oquatod ond the rosultant cxprossion is solved o
b
for the torm P;/P, tho followlng quadratic solution rosulte: Eé
L .
r—. _T—_:I.
[ ) ~1
(l + Tlr}h TR )_4( I, ) _ Py /P K
To€ oty Ta€q et T, €o €t [
'Y.-.
| : 1+ ('Y“l 102 ) -1
Pao| — Sl - | (49)
Py
2 (5250 "
| T €064 -

Valucs of the term T, /Ty 1n oquation (49), arc obtailnod from the follow-
ing oxprossion which i1s derived from cquation (5) and tho expression for intop-

coclor cffcetivonecsas,
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Ty 1
Ta y—1 (410)

e

~1

te + (l-e) |1+ (f"/Pl)

c

To obtaln valucs of the term Pp/P; for substlitution into equation {A8),
a graphlonl slmulbtancous solution of ocquations (49) and (Al0) 1s made, Values

of the tecrm P, /Po may be chosen for any degree of enclosurc pressurizotion

deslred.

Systom IV

The final temperﬁture ratio acrocs the systom is,

(2 G S

or, 1n tormes of the system variablos,

‘oN T YO
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The unknown compressor pressure ratlio P, /P, , in cquation (Al2), is detormined

in the samo monner as for Byastom III.

The resulting oquations involving Py /P, are
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Equations (AL3) and (Ai¥) arc simultancously solved for values of Pa/R
which are subsgecuontly subatituted into cquation (412), I% will be noted thatb
in this aytem, an additional indgpendent varioble Q/Wpro 1s introduccd. This
variable lg determined by the amount of heat abstrncted_from the alr by the inter-
coolor ond may bo arbltrarlly.choaon to yicld the dcsirbd final temperature ratio.

System V

Tho analysls of thils syatom lg similnr to thot of Syatem III except that
the intorcoolor oquatlon must bo modified as the coollng alr ls now precooled
by expanalon through a turbine. The expression for lntecrcocler effectlveness

ig, Tor thls syatem,

Ty - Ty
= Al
® Tz ~ Taf ( 5)

The asgumption is made that the preccoling turblno has the same adiabatlc
efflclency as the maln turblne. The expression for the over—all final tempera-

ture retic acrosa the gyatem then lis

B~ (B2)(2 () (416
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or

in terms of the system variables,
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where the term P /P; 18 taken from ecuation (%), In the derivation of equation

(A17) 1t ie sssumed that P,' is equal to Py, that 1s, the intercocler pressure

drop 1s consldered negligible,

The unknown compressor pressure ratio P, /P, in equation (Al7), is determined .

by equating the compressor power to the sum of the powers of the main and precooling

turbines. The resultlng expression Tor the term P,/P, is
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Agaln, a graphical solutlon 1s reculred in order to obtaln values for the

term P, /P, because the expresalon for the term 'Tl /T, ocontalns the term P, /B, , thus,

e

T (% T \
TJ-:; (J.B) (Tf%’
i 1 1
(P /P,) -l _ [ (1N
1+ 2 :0 1 £ 1 (m
L . 1"'841'-' 1:,_]:,
'Y
14 (Pa/Br}) -1
L\ €c /

(419)

22



28 Sy KACA Ri No, A70CH

In the slmultaneous graphical solution of equations (28)
and (29), 1t 1s necessary to assume values of the mass-flow
ratio of intercoolor cooling air to ventilating air W!'/i.

In the actual case, the value of thls paramctor ls determlned
by the aréa of the intercooler heat-transfer surface and the
over—-all heat-transfer coefficient obtained in the cooler,
~since the cooling effectiveness 1&g arbitrarily chosen.

The prescrntation of the results of the foregolng analysis
in the form of a finsl system tempecrature ratio is believed to
e the most convenlent form of presentation because tempera-
turc changes due to variation in altitude then do not enter
the equations,

The cooling capacit:r of any system mey be calculated for
any Goslred flight ilach number and altitude by the followling
method: .

The ambient tonmperature is multiplied by the system
temperature ratio to obtaln the temweraturce of the ventllaliing
alr ontcring thec caclosurc. The difrfercncc between the énclo—
sure ambicnt tomperature and the enterlng ventlilating alr
temperature ls then the temperature dlfference availablec for
cooling tho enclosure. ilultliplicatlon of the temperature
difference by the term Wep gives the cooling cepaclty of

the system in terms of Btu per sccond.
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